Tension band wiring (TBW) is the goal standard for simple non comminuted olecranon fractures. Wire migration and elbow pain related to the use of the K-wires in this technique reduce the optimal results that can be achieved in the treatment of this type of fractures.
INTRODUCTION
Tension band wiring (TBW) is the goal standard for simple non comminuted olecranon fractures. Wire migration and elbow pain related to the use of the K-wires in this technique reduce the optimal results that can be achieved in the treatment of this type of fractures.
We reviewed retrospectively our case series of Mayo type II A and III A olecranon fractures treated with a wireless tension band wiring (WTBW) where we replaced the K-wires by an additional wire cerclage keeping the figure of eight wiring. Our hypothesis is that WTBW will improve the results of these fractures.
MATERIAL AND METHODS
This is a retrospective descriptive study that was approved by the ethics committee of our institution. We looked in our charts for olecranon fracture operated between the 1 st of January 2000 and the 1 st of July 2015. Patients older than 18 years old, operated by wireless tension band wiring for their type II A olecranon fracture (according to Mayo classification) were included in this study. Patients younger than 18 years old or with comminuted fracture or with olecranon osteotomy for treating distal humerus fractures were excluded. 
Wireless wiring surgical technique
The procedure is performed under general or regional anesthesia. The patient is positioned in lateral decubitus on the operating table with the upper arm supported by a padded post and a pneumatic tourniquet on the proximal arm. Verification of a 100°free arch of motion of the elbow is then performed. If no allergy, one dose of antibiotics (cefazolin) is given at induction. The incision is started few centimeters proximal to the tip of the olecranon, and extended distally as needed to provide access to the injured area. The flexor carpi ulnaris as well as the anconeus tendons are detached medially and laterally as far as necessary to expose the involved bone fragments and to make anatomical reduction and stable fixation possible. After removing all interposed tissues between both fragments of the fracture, the reduction of the transverse olecranon fracture is held with small pointed reduction forceps. A hole is drilled through the ulna with a 2.5 mm drill approximately 40 mm distal to the fracture line and 5 mm away from the posterior cortex. A 1 mm wire is passed through this hole, then beneath the triceps tendon or through another hole drilled in the proximal fragment [if large enough] in a figure-of-eight shape. Another 1 mm wire is passed in a circle-shape. The knots are tightened and buried towards the ulna to avoid softtissues irritation afterwards (Fig. 1) . Stability and reduction are checked peroperatively and immediately postoperatively with fluoroscopy. The wound is closed layer by layer over a suction drain. The elbow is put in a sling for 1-2 weeks and early active and passive mobilization of the elbow is started in the immediate postoperative setting. Usually the patient is discharged on the day following the removal of the suction drain.
The included patients were contacted and followed up in the clinical setting. In every patient, bilateral elbow active flexion/extension, as well as bilateral forearm pronation and supination and bilateral flexion and extension of the wrist were evaluated. Circumference of both arms and forearms is assessed with a measure in centimeters. Every patient answered the DASH (Disabilies of the Arm, Shoulder and Hand) questionnaire. Complications were looked for and noted.
Elbow and wrist extension and flexion arcs were performed for both limbs using the same goniometer. Pronation and supination of both forearms were assessed by asking the patient to hold a pen with his fist closed, elbow to body, in neutral position and to perform a pronation and a supination. The angle that the tip of the pen draws is measured by a goniometer. We compared the injured limb to the uninjured limb to highlight any significant difference.
RESULTS
Twenty patients met the inclusion criteria, but three passed away before the final follow-up, giving a total of 17 patients with a mean age of 58.5 years ranging between 31 and 88 years.
There were 10 females (mean age 60.1) and 7 males (mean age 56.4). All patients were right handed, and 8 out of the 17 fractures occurred in the right upper limb. All fractures were closed fractures except for two (12%) that were both treated as closed fractures. The mean follow-up reached 6 years (0.3 to 14 years).
The analysis of the motion of the operated limb, when compared to the uninjured extremity, showed a mean loss of 4º (0-15) of elbow extension, 3º (0-10) of elbow flexion, 4º (0-10) of forearm supination and 2º (0-10) of wrist flexion. There was no loss in wrist extension. The mean forearm and arm circumferences showed no difference between both extremities on the last follow-up. These results are detailed in Table I . The mean DASH score reached 12, ranging from 0 to 55. It is of note that 7 patients out of the 17 had a DASH score of 0.
While reviewing complications, we found no infections, and no loss of reduction (mal union or non-union). However, six patients underwent hardware removal:
-Two patients had no symptoms and were only operated because their physician asked them to. -Two patients were operated because they had minimal pain on elbow contact. -One patient had numbness in the ulnar nerve territory and was operated on for hardware removal and ulnar nerve neurolysis. -One patient was operated because of residual flessum (10°), and regained full extension after surgery. Concerning functional recovery, only four patients requested postoperative physical therapy. No cases of elbow arthritis were reported. Figure 2 shows the case of a patient with a type II A olecranon fracture treated with the wireless tension band wiring, the immediate postoperative setting and the last follow-up.
DISCUSSION
Tension band wiring (TBS) remains the gold standard for treating Mayo type II A, non-comminuted olecranon fractures [1] . Comminuted fractures and fracture dislocations are treated by plate fixation or other techniques [1] .
Although this technique gives a high rate of satisfaction many drawbacks remain to be solved like wire migration and pain related to the use of this type of fixation. Wire migration is the most commonly reported complication of TBW fixation. This leads to prominence of the K-wires at the insertion site into the olecranon leading to pain and sometimes skin breakdown [2] . This situation will lead to a less than optimal result as the patient will reduce his activity and sometimes will need immobilization until bone healing and hardware removal [3, 4] . Many authors addressed this problem advising the proper positioning of the K-wires. Huang et al. in a retrospective study assessed three configurations of the Kwires in TBW [5] . They concluded that the K-wires should be fixed distally in the anterior cortex of the ulna and not in the medullary canal [5] . Newman et al. advised to bend the proximal end of the K-wires through two 90º bent and impact it in the proximal cortex of the olecranon [6] . Kim et al. recommend the use of K-wires with eyelets [7] . The figure-of-eight wire will go into the eyelet preventing the wire migration [7] . This type of Kwire is not easily available [7] . Karlson et al. proposed fixation without the K-wires, keeping only the figure-ofeight wiring [8] . This type of fixation was not stable enough and they reported a high rate of implant removal (43%) as well as 16% of radiographic osteoarthritis with a follow-up of 18.2 years [8] . This seems related to the inability of the figure-of-eight to stabilize rotation by itself [8] .
In our wireless tension band wiring (WTBW) no Kwires were used. Instead, they were replaced by adding a cerclage wire to the figure-of-eight wiring. The wire passes proximally into the anterior part of the triceps tendon or inside the proximal bone fragment if its size allows to drill a whole of 2.5 mm. Distally, both wires go into the posterior cortex of the distal fragment either in the same hole or in two different holes. The added cerclage inhibits rotation and gives stability to the fixation system allowing early postoperative mobilization as no wire migration is possible. This explains the good final results in our series.
The reported frequency of hardware removal in TBW for olecranon fractures ranges from 20 to 100% [1] . Baecher and Edwards in their review report a 65% incidence of hardware removal [1] . The absence of K-wires in WTBW explains the very low rate of extension lag as the proximal tip of the K-wires may impinge on the ole- cranon fossa when the elbow is in extension. This also explains the low incidence of hardware removal for medical reasons (one case of ulnar nerve irritation) in our series (23.5%).
In WTBW, the absence of wire migration, the absence of impingement in the olecranon fossa with the tip of the K-wires and the very early postoperative active mobilization explain the good results of this technique. The mean extension lag leveled 4º and the flexion lag reached 3º with a mean follow-up of 58.5 months. The mean DASH score was 12 with 7 patients having a DASH score of zero.
The incidence of other complications in TBW in Mayo type II A olecranon fractures, such as non-union, infection, heterotopic ossification are low, and they happen in less than 1% of cases. In our patients no such complications occurred.
CONCLUSION
Wireless tension band wiring -a technique where the K-wires in the classical tension band wire are replaced by a cerclage wire keeping the figure-of-eight wire -is a reliable procedure, simple to use and gives very good results. We recommend it for Mayo type II A olecranon fractures instead of the classical tension band wire fixation.
